Background: Metal artifacts caused by high-density implants lead to incorrectly
significantly improved. Best results were accomplished using the Augmented Likelihood Image Reconstruction algorithm. reducing the image quality. [3] [4] [5] Anatomical details may be superimposed by metal artifacts and are therefore not distinguishable from each other. Furthermore, values for electron density might be too high or too low in some regions due to the occurrence of artifacts.
Consequently, these distorted values are directly influencing the calculation of dose distribution.
Several studies show that applying a metal artifact reduction (MAR) algorithm can minimize errors in dose calculation. In 2015,
Baer et al. reported a dose difference of up to AE5% in the target volume and organs at risk for a head and neck patient with dental fillings when comparing patient plans with corrected and uncorrected images. 6 In 2013, Spadae et al. investigated the ability to restore correct HU values by a MAR algorithm in the presence of titanium and cerrobend within a phantom. The study showed that the error made in a Monte Carlo calculation based on corrected and uncorrected image data strongly depends on the mass number of the material used in the implant. In this way, they showed that the error in dose calculation was up to 23.56% for the planning target volume (PTV) region in the case of cerrobend. However, the error could be reduced to 0.11% by a MAR algorithm. In conclusion, it is stated that the dose calculation is more accurate when the reconstructed density information is less distorted. 7 In this context, the ability to retrieve correct HU values should be the main evaluation criterion for a MAR algorithm. [6] [7] [8] [9] [10] [11] In a previous study, we investigated the MAR algorithm Augmented Likelihood Image Reconstruction (ALIR) regarding its ability to retrieve attenuation coefficients in the presence of streaking artifacts. 12 It was shown that ALIR is able to correct distorted HU values to a high accuracy. Furthermore, structures that were not perceptible due to streaking artifacts were reconstructed accurately using ALIR.
In the current study, we investigate the impact of corrected HU values on the dose calculation after applying different MAR algorithms. A PMMA phantom that imitates a patient with double-sided total endoprosthesis (TEP) was created. Two different case scenarios were investigated. In the first scenario, we calculate volumetric modulated arc therapy (VMAT) plans with double arc rotation, without taking into account possible influence of the steel inserts on the dose distribution during the planning process. In the second scenario, dose effects near the implant and the shadowing characteristic of the steel inserts are minimized using avoidance sectors, which avoid direct irradiation through the implants. 13 In order to investigate the dosimetric effects, plans based on metal artifact corrected and original reconstructed images are compared. Furthermore, a measurement of the applied dosage within the isocenter of the phantom based on ionization chambers is used as a reference.
| MATERIALS AND METHODS

2.A | Phantom
In order to simulate a pelvis with a double-sided endoprosthesis for the hip, a PMMA phantom ( 
2.B | CT imaging
For the acquisition of images, a 40-slice CT scanner type Biograph mCT (Siemens AG, Erlangen, Germany) was used. The scans were acquired sequentially with 120 kVp, a field of view of 500 mm, and a slice thickness of 4 mm. The images were reconstructed using the filtered backprojection with a ramp filter (FBP) and the iterative algorithm ALIR (see next paragraph).
In addition to a dataset with the two metal rods, an image dataset without steel rods was acquired in order to have an artifact-free image set available. This was used for the contouring of the ionization chamber.
The Hounsfield scale in clinical use is usually limited to a maximal value of 3071 HU. This is sufficient to represent the organs and bones according to their specific densities. However, in order to cover the steel inserts, the used Hounsfield scale was extended to 13,500 HU.
This corresponds to a material density of q (Steel) = 7.9 g/cm³.
2.C | Artifact correction
The reduction in metal artifacts is performed utilizing three different approaches. The linear interpolation approach (LI) represents a simple and easy applicable reference method for the reduction in artifacts. Here, for every angle, projections that pass through the metal object are replaced by a linear interpolation between uncorrupted projection values. 14 Based on the resulting raw data, the reconstruction of the image is performed using the FBP.
As a second approach, the recently proposed ALIR algorithm is used. 15 The method is based on an iterative scheme and integrates two different ideas in order to reduce streaking artifacts. In a first step, the algorithm formulates the reconstruction of an image as an optimization problem based on the negative log-likelihood function for transmission CT. 16, 17 The optimization process is complemented by constraints that force the reconstruction to assign certain attenuation values in the region of the metal implant. In the present case, 
| 229
The main dose planning objective is to achieve a PTV dose coverage according to the ICRU Report 50 with 107%/95% of the prescribed dose within the PTV. 1 The VMAT is chosen, as it is the routine method for this entity. In comparison to intensity-modulated radiotherapy, its ability in sparing organs at risk is more efficient, the account of monitor units is lower, and the target dose distribution is more homogeneous. [18] [19] [20] VMAT plans were created in such a way that the 95% isodose covers the PTV. The absorbing effect of the steel rods is taken into account by two different approaches. In the first approach, the issue with the dense material of the rods was left entirely to the optimiza- 
3.A | Dose homogeneity index HI
For determination of the homogeneity index, we used the following
where the parameter D x% represents the absorbed dose received by x% of the PTV. An HI of close to zero indicates that the absorbed dose distribution is almost homogenous. bladder, the best reduction in mean dose is achieved with LI (À2.7%) and ALIR (À2.3%). Manual correction leads to a reduction of À1.7%.
For the rectum, the most reduction in the mean dose is achieved by ALIR (À3.1%) and LI (À2.7%). Manual correction leads to a reduction of À1.8%. (Table 2a & b) For the planning scenario of two rotations with avoidance sectors, we observe a dose shift after applying artifact correction as well. However, the manifestation is not as distinctive as in the scenario without avoidance sectors. The bladder mean dose shifts for ALIR by À0.4%, for LI by À0.5%, and for manual by À1.5% after correction. The mean doses at the rectum are reduced for ALIR by À1.9%, for LI by À0.8%, and for manual by À1.3%. However, all values are close together.
| RESULTS
| DISCUSSION
In order to provoke severe streaking artifacts as well as reaching total starvation of the x ray, the diameter of the steel inserts was chosen to be nearly two times the size of a realistic sheath. Nevertheless, it was not possible to reach error values of over 20% as reported from Spadea et al. 11 However, with an error range in dose calculations from 6% to 8% for uncorrected image data, our results are close to an error range of approx. 5% as reported by Baer et al. 9 The scenarios we have calculated are normalized in the way that the minimum dose enclosing the PTV corresponds to 95% of the 
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